The solid state structure of endo, endo-bicyclo[3.3.1]nonane-2,6-diol, rac-2, shows a hydrogen bonded, three-connected, chiral 3D-net with utg-topology, distinctively different from those formed by the so called tubuland diols, i.e 2,6-dimethylbicyclo[3.3.1]nonane-exo-2,exo-6-diol rac-5, that crystallise as threeconnected, chiral eta-nets and from the qtz-net formed by weaker hydrogen bonds in the bicyclo[3.3.1]nonane-2,6-dione, 3. The protected bicyclo[3.3.1]nonane-2,6-dione, bis-2,6-ethylenedioxy acetal 4, has a structure governed by weaker forces and can be interpreted as close packed stacks.
bicyclic system may be chiral by virtue of its substitution pattern. A further characteristic of this framework is the conformational mobility of the two cyclohexane rings adopting chair or boat conformations. 5 The exploitation of this hydrocarbon backbone, a common 15 motif in many biologically active compounds and their metabolites, in stereo-and enantioselective reactions has been reviewed recently. Not surprisingly, the unique molecular shape of the bicyclo[3.3.1]nonane framework has been used to form selfassembled supramolecular structures and inclusion complexes 25 with various guest molecules.
7, 8 Some derivatives of this ring skeleton, the so called "tubuland diols", give controllable crystal structures with a variety of inclusion guests, an impressive feat of crystal engineering. 9 In this communication we present the solid state structures 30 of the bicyclo[3.3.1]nonane derivatives 2-4, and in particular the network analysis of the supramolecular 3D-nets formed.
We have also applied this network approach to Bishop´s tubuland diols, exemplified by the racemic 2,6-dimethylbicyclo[3.3.1]nonane-exo-2,exo-6-diol (rac-5) 35 forming enantiomorphic crystals of 5, and suggest that this is an appropriate method to analyse these systems in general.
Results and discussion

Synthesis and crystal growth
All compounds were prepared according to published 40 procedures. 10 Crystals were grown by slow evaporation or by cooling. Attempts to grow suitable single crystals of the optically pure diprotected keton, (+)-4, were unsuccessful because of its high solubility in all solvents explored, also at low temperature.
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Structures and network analysis
All intra-molecular bonds and angles are normal and will not be commented further on. Hydrogen bonds and close contacts for all structures are summarised in Table 1 , and we will now explore each structure in it turn. Symmetry codes: a = 1-y,-x,1/2-z, b = -1/2+x,1/2-y,3/4-z, c = x-y,1-y,-z, d = x-y,-1+x,1/6+z, e = x,-1+y,z, f = 1-x,-y each hydroxyl group participates in intermolecular hydrogen bonds as both donor and acceptor so that each oxygen can be regarded as a node in a three-connected, 3D-net, schematically shown in Figure 1 . These hydrogen bonds define helices that are interconnected by longer intramolecular links, and the 70 complete net, (see Figure 2 ) has the unusual (8 2 .12)-utg topology, which has no known examples in any compilations or databases to date. [11] [12] [13] . This net is built from 8-and 12-rings, and is inherently chiral, just as the more common srs-net (aka (10,3)-a). Possibly, the large bulk of the bicyclic ring system prevents any of the common 12, 13 three-connected nets to form. The fact that rac-2 crystallises as enantiomorphs makes it more likely that it will form a chiral net. However, there are many chiral three-connected nets, 16 of which can be found in the 85 Reticular Chemistry Structural Resource database.
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3, 14
Contrary to the case of the tubuland diols, that seem to crystallise as enantiomorphs in general, there are no voids or channels in enantiomorphic 2. As the former are also reported to form 3D-networks, 9 it seemed essential to establish that 16 . This net too is intrinsically chiral, but less dense by 27% compared to the utg-net, 14 thus explaining the tendency of the tubuland diols to form inclusion compounds. We want to emphasize that our analysis does not invalidate the conclusions in ref. 9 concerning the molecular origin of 5 the clathrate structures, it rather compliments these discussion. A key issue discussed by these authors and exploited in their synthetic chemistry, is the relative orientation of the hydroxyl groups. Note that this is different in 2 and 5 and ultimately responsible for the different 10 networks formed. In addition to the exo,exo relationship between the hydroxyl groups the bulkiness of the alkyl substituents at position 2 and 6 are of crucial importance for the formation of porous network structures. Apparently, only methyl groups have the right structural features to give tubular 15 inclusion compounds.
It should also be mentioned that the chloroacetic acid in this structure is disordered and no specific interactions with the framework therefore can be detected. Moreover, 5 consistently form these types of inclusion network compounds 20 all apparently having the same topology. However, we have recently explained the unexpected formation of large channels and other motifs in organometallic [2,6-Bis[(di-t-butylphosphino)methyl]phenyl] palladium(II) compounds by weak hydrogen bonds, 17 and thus deemed the method worth a try also in this case. 40 We can get some idea of what to expect from the known structure of racemic 3, 18 where weak hydrogen bonds (C- 
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Symmetry codes for the weak hydrogen bonds are given in Table 1 .
The qtz-net is also inherently chiral, and is the most common of the chiral four-connected nets, so this has a certain logic. Note, however, that a net formation does not necessarily mean that the interactions in homochiral 3 are stronger than in 65 the crystal consisting of racemic-3. To the contrary, the density and melting point of the latter is higher (1.302 g/cm 3 , 141°C) than for the optically pure material (1.222 g/cm 3 , 132°C), indicating stronger intermolecular interactions in the in the crystals of racemic 3.
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Tentatively, one may argue that if we attribute the higher stability of rac-3 to stronger van der Waals forces, then the weaker interactions that hold the crystals of (+)-3 together have relatively less of these non-directional forces and, consequently, the weak hydrogen bonds may play a larger role 75 for the overall structure. 
bis-2,6-ethylenedioxy acetal bicyclo[3.3.1]nonane 4
One would expect the acetal protected dione 4 (IUPAC name bicyclo[3.3.1]nonane-1-spiro-2'-dioxolane-6-spiro-2''-85 dioxolane) to have lesser tendencies to act as a hydrogen-bond acceptor because of steric crowding. On the other hand, an ether (as model of an acetal) is a stronger base (pK aH ≈ -4) compared to a diketone 3 (pK aH ≈ -7). 20 In a combined CSD and computational study their hydrogen bonding ability has 90 been judged to be equal, 21 but we need also to consider the effect of two oxygens bonded to the same carbon in an acetal, so the overall effect is hard to estimate a priori. However, analysing the crystal structure we find no intermolecular O...H contacts shorter than 2.72 Å, indicating 95 considerably weaker (or even non-existent), hydrogen bond interactions than in 3. Whatever interactions there are seem to assemble 4 in oblong stacks that are more or less close packed, with a closest O…H contact at: C17-H17A...O3* ( 2.72 Å, 3.582(2) Å, 148° with O3* at (x,y-1,z)), somewhat 100 resembling the packing of the weak hydrogen bonded chains in the crystal structure of rac-3 containing heterochiral 3 18 .
The two structures are compared in Figure 6 . 
Conclusions
Network analysis provides a good way of both understanding and comparing different hydrogen bonded diol crystal structures (enantiomorphic 2 and 5), and may be profitable 110 also for systems with weaker hydrogen bonds ((+)-3). However, its importance should not be exaggerated; closepacking motifs (non-directional dispersion forces etc) are probably important in the majority of structures with molecules having a dominant hydrocarbon backbone (rac-3 and rac-4).
Experimental part Materials and preparations
5
Compounds 2-4 were prepared according to published procedures. 10 Compound rac-2 was dissolved in hot acetone to obtain a saturated solution. Crystals were obtained by keeping the solution at 4 ºC over night. Crystals of (+)-3 suitable for X-ray diffraction analysis were obtained by slow evaporation of a solution in petroleum ether (40-60 ºC) and EtOAc (2:1). Crystals of rac-4 were obtained by slow evaporation of its solutions in petroleum ether (40-60 ºC). 
X-ray Crystallography
Intensity data were collected at 293 K with an Oxford Diffraction Xcalibur 3 system using ω-scans and Mo-Kα (λ = 0.71073 Å). 22 CCD data were extracted and integrated using
Crysalis RED. 23 The structures were solved using direct 20 methods and refined by full-matrix least-squares calculations on F 2 using SHELXTL 5.1. 24 Non-H atoms were refined with anisotropic displacement parameters. Hydrogen atoms were constrained to parent sites, using a riding model. For compounds 2 and 3 there is choice of either of two 25 enantiomorphic space groups and since anomalous dispersion cannot be used to distinguish the two alternatives (given the wavelength and unit cell contents) we arbitrarily chose the one based on a 4(1) and 6(1) screw axis, respectively. Crystal data and details about data collection are given in 
